Purpose: To report the results and complications of scleral fixation of intraocular lens (SF-IOL) in traumatized eyes of children with iris defects and inadequate capsular support with technique customized to the condition of the eye.
INTRODUCTION
Management of unilateral aphakia, especially in children, is a challenge to the ophthalmologist. Due to the risk of amblyopia, optical rehabilitation must be prompt in this age group. The procedure of choice for correcting aphakia is implantation of an intraocular lens (IOL) in the capsular bag. 1 This cannot be accomplished in every case, especially in eyes without adequate capsular support such as traumatized eyes. In these cases, the IOL must either be implanted in the anterior chamber or fixed to the sclera or iris. 2, 3 Anterior chamber IOLs are associated with a relatively high rate of complications such as corneal endothelial cell loss, corneal decompensation, peripheral anterior synechiae, pupillary ectopia, glaucoma, and iris sphincter erosion. [4] [5] [6] These lenses, along with iris-supported lenses, require adequate pupil and iris tissue for support, which may not be present in traumatized eyes.
We report the results and complications of scleral fixation of IOL in traumatized eyes without adequate capsule and iris tissue in pediatric patients.
PATIENTS AND METHODS
This is a retrospective case series of eyes with a history of open globe injury that underwent scleral fixation of IOL between June 2002 and March 2007. All cases were aphakic and had a history of lensectomy and pars plana deep vitrectomy in the same eye after primary repair of the wound.
Indications for scleral fixation of IOL were unilateral aphakia, extensive capsular loss precluding stable bag or sulcus fixation of the IOL, presence of normal macula, and inability to use or noncompliance with the use of contact lenses. Major retinal pathology and history of traumatic cyclitic membrane removal were factors to deny surgery.
Complete ophthalmic examination including measurement of visual acuity with Snellen chart, measurement of refraction and best-corrected visual acuity, keratometry, slit-lamp examination, and indirect funduscopy was done preoperatively and postoperatively. Intraocular lens powers were calculated using the SRK 2 formula with the aim of postoperative emmetropia. If keratometry could not be done due to corneal scar or astigmatism, then the IOL power of the fellow eye was used for choosing the IOL power of the traumatized eye.
All patients younger than 10 years old were treated for amblyopia by part-time patching of the sound eye and wearing corrective glasses during the period of aphakia and after IOL implantation.
Surgical Procedure
The decision to perform scleral fixation of the IOL was made preoperatively after accurate assessment of the remaining capsular support. If the capsular support was judged to be adequate (at least 120° of tense capsular remnants for each haptic of the IOL), then a secondary posterior chamber IOL would be placed in the ciliary sulcus. If there was adequate capsular support for only one haptic, scleral fixation of the other haptic would be planned. Sites of scleral flaps for fixation of the IOL and the limbal incision were decided by taking into consideration the remaining capsular support, the site of the previous scleral wound, and the last keratometry reading.
The surgical procedure included placement of an anterior chamber maintainer or pars plana infusion cannula. Square limbal-based scleral flaps with the base 0.5 mm from limbus and a limbal incision were made at the predetermined sites. Length of the limbal incision depended on the type of the IOL.
The technique used for fixation of the IOL was previously described by Vote et al. 7 A blue polyester 10-0 double-armed suture with 6.5-mm curved needle (Mersilene W1775; Ethicon, Inc., Somerville, NJ) was used for scleral fixation of the haptics. The thread was cut in two at the beginning. One end of the suture was guided into a 25-gauge needle that was used as a guide to pass the thread through the sclera under the flaps approximately 1 mm posterior to the limbus. The thread was recovered from the anterior chamber, externalized through the limbal wound, and tied to the middle of the lens haptic (in regular IOLs) or the hole for scleral fixation. The same procedure was repeated for the other haptic.
After the threads were tied around the two haptics, the IOL was pushed under the iris, and the fixation threads were pulled at the same time to fix the haptics in place. When the haptics were seated in the proper position, the threads were tied and fastened over the scleral bed under the flap. The two ends of the knots were cut long to prevent future erosion through the scleral flap. At this time, the limbal incision was sutured with nylon 10-0 (ZE06-14; Ethicon, Inc.). Black nylon 10-0 sutures were used to fixate the scleral flap in place to simplify detection of the source of suture erosion in case it occurred in the future. Because the Mersilene sutures used for scleral fixation of the IOL are blue, the cause of scleral erosion can be easily identified. All knots of nylon 10-0 were buried.
RESULTS
Ten eyes of 10 patients (3 females and 7 males) with a median age of 6.1 years (range: 3.5 to 8 years) were included. The median period of aphakia was 6 months (range: 3 to 60 months). The median duration of follow-up was 9.5 months (range: 1 to 36 months). Patients' demographic and preoperative data are listed in Table 1 . Table 2 shows the postoperative data.
All operations were done under general anesthesia with the mentioned technique.
Intraoperative complications were mild and included mild hemorrhage from pars plicata ciliaris in three patients that stopped spontaneously. No patient experienced endophthalmitis, retinal detachment, increased intraocular pressure, or suture-related problems during follow-up.
The mean postoperative absolute value for sphere and cylinder at the last visit were 1. Due to the small number of patients, we could not compare the postoperative astigmatism in eyes with polymethylmethacrylate scleral fixation IOLs with those in whom foldable IOLs (Morcher GmbH, Stuttgart, Germany) were fixed to the sclera. Mean postoperative astigmatism was -3.5 D (n = 8) in those for whom the scleral fixation of IOL was used. The same value was -1.25 D (n = 2) in those for whom a Morcher lens was placed. Postoperative astigmatism was significantly related to the postoperative corneal astigmatism (Pearson correlation = -0.95, P = 0.00). The preoperative and postoperative cylinder and corneal astigmatism are shown in Table 3 .
Decentration of an IOL was observed in 1 eye 12 months postoperatively. One of the haptics of Twelve months of follow-up for first haptic fixation and 24 months of follow-up for second haptic fixation superotemporally.
this IOL was placed in the ciliary sulcus in the superotemporal quadrant and the other was fixed inferonasally. The superior haptic had slipped out of the ciliary sulcus and caused the decentration, which was managed by scleral fixation of the displaced haptic.
DISCUSSION Management of aphakia with insufficient capsular support for the IOL is difficult. It is important to consider nonsurgical measures such as spectacles and contact lenses in these difficult cases first. When a person with unilateral aphakia is unable to use these modalities, available options include fixation of the IOL to the sclera or iris or using anterior chamber IOLs. If there is a defect in the iris tissue in addition to the capsular defect, the only practical way to place an IOL will be fixing it to the sclera.
The visual result of scleral fixation of an IOL in an eye with good potential for vision depends not only on meticulous placement of the IOL during surgery, but also on proper decision making about the sites of scleral fixation and corneal incision. 4, 8, 9 The surgical technique is somewhat complicated and multiple intraoperative complications such as hypotony, hyphema, and suprachoroidal hemorrhage can occur. 10, 11 It seems that both the planning phase and the surgical procedure are much more complicated in a vitrectomized eye with a history of open globe injury. In most other studies, scleral flaps are placed at fixed sites. 7, [11] [12] [13] [14] One of the notable aspects of our study is flexibility in choosing the site and number of scleral fixations. To obtain the most benefit from surgery, several factors must be taken into consideration before the operation: place and amount of remaining capsular bag, site of corneal and scleral laceration scar, amount and site of remaining iris tissue, keratometry reading and its axis (if obtainable), side of the eye, and side of the dominant hand of the surgeon. By considering these factors, the surgeon must choose the proper sites for placement of the scleral flaps and corneal/limbal incision and decide where to sit at surgery. We selected the site of corneal incision according to preoperative keratometry (ie, at the steepest meridian, also avoiding the corneal/scleral scar of laceration); our aim was reduction of corneal astigmatism by the limbal/corneal incision if possible. Corneal incisions can induce more astigmatism than scleral tunnels 15 and we wanted to take advantage of this induced astigmatism for correction of some of the preoperative corneal astigmatism caused by the corneal scar, so we did not use scleral tunnels. We achieved this goal in our patients.
In the current series, there was adequate capsular support for one haptic in 5 eyes, so only one haptic was fixed to the sclera in these 5 eyes. In all of our cases, the total postoperative astigmatism approximated corneal astigmatism, which means that fixation of only one haptic of the IOL and use of different types of lenses for fixation did not induce significant lenticular astigmatism. 16 In our series, the number of patients was too small to compare the effect of the type of IOL on complications and postoperative astigmatism.
All patients in this series were younger than 9 years old, so visual outcome was closely related to patient compliance with amblyopia therapy. Other causes of visual loss were corneal opacity, scar-induced astigmatism, and aberrations due to iris defect and corneal scar. Visual loss was caused by multiple factors in each patient, but amblyopia was a common factor in all. Uncorrected visual acuity improved in 9 eyes but did not improve after surgery in one eye because of severe corneal astigmatism due to corneal tissue loss (case 8). Best-corrected visual acuity improved in 6 eyes due to better compliance with amblyopia treatment after surgery.
In a similar study by Bardorf et al., mean visual acuity was not changed postoperatively. In another report, visual acuity improved in 70% of eyes. 17 In other studies, the rate of improvement in best-corrected visual acuity was 27% to 89%. 8, 12, [17] [18] [19] [20] Collapse of the sclera, which is more pronounced in children, is a factor that must be overcome for a successful surgery in vitrectomized eyes. To solve this problem, we placed an anterior chamber maintainer or pars plana infusion cannula. This step not only facilitates surgery and enhances the accuracy of the procedure, but also may prevent occurrence of hypotony-related complications such as suprachoroidal hemorrhage. Free flow of the fluid with maintenance of the anterior chamber also obviates the need for use of viscoelastic materials.
An important concern in scleral fixation of IOL is the possible late failure of the sutures. 10, 21 Use of long-lasting nonabsorbable sutures for scleral fixation of the IOL is recommended to prevent this complication.
Polypropylene and polyester are two of the materials with the longest lives. 22 We used polyester sutures in pediatric patients for their durability and had no suture-related problems, but it must be emphasized that the follow-up period in this group was much shorter than the lifetime of the sutures used. Some researchers have used 9-0 polypropylene for scleral fixation of IOL. 23 Because of the thicker thread, a longer suture life can be expected for 9-0 sutures relative to 10-0 sutures. There are no reports of dislocation of IOL due to absorption of 9-0 polypropylene sutures. Larger knots of 9-0 polypropylene theoretically increase the risk of conjunctival and scleral flap erosions. Kir et al. studied three different methods for suturing of scleral fixation of IOL. 24 The rate of suture exposure was lowest when suture ends were buried in the scleral tunnel rather than covering the short cut suture ends with half-thickness scleral flaps or leaving the long ends of the sutures over the scleral surface. These latter techniques had similar rates of suture exposure. We placed the long cut ends of the sutures under the scleral flaps and had no exposure, but longer follow-up of patients will show us if this technique can reduce suture exposure rate. Different techniques have been described for scleral fixation of IOLs. The technique used in these patients and mentioned in the methods section was chosen due to familiarity of the surgeon with the technique and unavailability of polyester sutures (Mersilene 10-0) with straight needles.
Postoperative complications such as endophthalmitis, retinal detachment, lens decentration or tilt, suture breakage, and choroidal effusion have been reported in different studies. 10, 11, [25] [26] [27] [28] All of the eyes in this series had been previously vitrectomized. This can be a factor in preventing occurrence of postoperative retinal detachment because there are no floating vitreous strands in the surgical field to be pulled and make retinal breaks.
We had 1 case of IOL decentration. It occurred in the eye of a 6-year-old boy 12 months postoperatively (case 4). One of the IOL haptics had been fixed to the sclera and the other placed over the remaining lens capsule at the superotemporal periphery of the capsular bag. Cause of IOL decentration was slippage of the latter haptic out of the ciliary sulcus. This haptic was fixed to the sclera during an additional procedure and the IOL was stable thereafter. This eye attained visual acuity of 0.2 logarithm of the minimum angle of resolution. Of the 5 patients with fixation of one haptic of the IOL, 1 (25%) required reoperation. So it seems that even if there are enough capsular remnants for one haptic of the IOL, fixation of both haptics in the first operation is logical and cost-effective in these active pediatric patients who have the potential for repeated ocular trauma.
Iris diaphragm lenses are probably the best option in eyes without adequate capsular and iris support. They are also fixed to the sclera. They provide a diaphragm with iris color so they are more cosmetically acceptable and can prevent the intense glare of lack of proper iris tissue and sphincter in the presence of a corneal scar. The main drawbacks to their use are the high cost and limited availability. In patients with dark irides, the cosmetic issue is not a problem and it may be wise to place regular lenses in the eye rather than nothing (due to inability to buy or provide the iris diaphragm lens).
Occurrence of sympathetic ophthalmia is a concern after scleral fixation of the IOL. But no case has been reported after this type of surgery until now.
As stated before, the notable aspect of our study is the customized placement of corneal/limbal incision and the scleral flaps. With this flexibility, we managed to correct much of the corneal astigmatism induced by the traumatic wound. But this is a retrospective small case series without long-term follow-up, so although encouraging its results cannot be generalized. A larger prospective study with longer follow-up can better define the pros and cons of this type of surgery, especially in pediatric traumatic aphakia.
Although the results are encouraging, caution should be exercised when recommending this type of surgery. Scleral fixation of IOL is a demanding procedure and should only be tried when more convenient methods of aphakic correction (ie, contact lenses, iris fixation IOLs, and anterior chamber IOLs) are not suitable.
